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Effect of C/Mo duplex coating on the interface and tensile 
strength of SiCf/Ti-21Al-29Nb composites 
X. Luo a, ∗, Y.Q. Wang a, Y.Q. Yang a, M.X. Zhang b, B. Huang a, S. Liu a, N. Jin a 
a
 State Key Lab of Solidification Processing, Northwestern Polytechnical University, 
Xi'an 710072, P.R. China 
b
 School of Mechanical and Mining Engineering, University of Queensland, St Lucia, 
QLD, 4072, Australia 
Abstract: SiC fiber-reinforced Ti-21Al-29Nb matrix composites with either C and 
C/Mo duplex coatings were prepared by the foil-fiber-foil (FFF) method, in order to 
comparatively study the effects of C/Mo duplex coatings on the interface and 
mechanical properties of the composites. The longitudinal tensile strength of the 
as-prepared composites was measured at room temperature. In order to study the 
interfacial thermal stability and microstructure evolution characteristics of the 
composites, vacuum thermal exposures of the composites were carried out at 800, 900 
or 940 °C for different durations. The interfacial microstructures of the as-prepared 
and thermally-exposed composites were investigated by means of scanning electron 
microscopy (SEM) and X-ray energy dispersive spectroscopy (EDS). The results 
indicate that the C/Mo duplex coating does not only have better thermal stability, but 
also can further slow down the interfacial reaction of the composites in comparison 
with the C single coating. The diffusion of a small amount of Mo atoms made the 
matrix close to the interface have better plasticity, so the tensile strength of the 
composites can be further improved. The interface of the composite with the C/Mo 
duplex coating was nearly intact after the 940 /50 h thermal exposure while that of 
the composite with the C single coating was not intact, as the C/Mo duplex coating 
can better relax the thermal residual stresses than the C single coating.  
Keywords: C/Mo duplex coating; SiCf/Ti-21Al-29Nb composite; Interfacial 
reaction; Tensile strength; Thermal stability 
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1. Introduction 
The needs of the aerospace industry for materials with low density and high 
strength at elevated temperatures have oriented research toward fiber-reinforced Ti-Al 
intermetallic matrix composites [1-2]. Ti2AlNb-based composites reinforced by SiC 
monofilaments have received great attention for advanced light-weight aerospace 
applications as Ti2AlNb-based alloys with an ordered orthorhombic structure exhibit a 
very attractive combination of room temperature elongation-to-failure and high 
temperature strength suitable for matrix materials [3-5]. However, the mismatch 
between the coefficients of thermal expansion of the fiber and the matrix as well as 
the severe fiber/matrix interfacial reactions may result in degradation of the 
mechanical properties of the composites [6, 7]. 
Fiber protective coating has been introduced to help solve these problems, and 
many investigations have shown that some fiber coatings are effective in improving 
the interface and mechanical properties of the composites [8-12]. For instance, a Nb 
coating on a SiC fiber was used to modify the local microstructure of 
SCS-6/Ti-25Al-17Nb composites, and it produced a modest improvement in strength 
and elongation-to-failure in the transverse direction [13]. Yang and co-authors 
introduced a TiB2 coating into SCS-6 SiCf/Ti2AlNb composites and found the 
interfacial thermal stability of the composite can be improved [14]. Our previous 
work has studied the effect of C/Mo duplex coatings on the interface and mechanical 
properties of SiCf/Ti6Al4V composites. The results indicate that the C/Mo duplex 
coating exhibited thermal stability at 700 . Additionally, the tensile strength of the 
as-prepared composites was much higher than that of the composites without a 
coating [15]. Similarly, the C/Mo duplex coating has also been introduced into the 
SiCf/γ-TiAl composites, and it was more efficient in hindering the interfacial reaction 
in comparison with a C single coating at 900 °C and below [16]. 
In this work, the effect of a C/Mo duplex coating on the interface and the room 
temperature tensile properties of SiCf/Ti2AlNb composites was investigated. 
Ti-21Al-29Nb, a typical Ti2AlNb-based alloy [17], was used as the matrix material. 
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The interfacial microstructure of both the as-prepared and thermally-exposed 
SiCf/Ti-21Al-29Nb composites with a C/Mo or a C coating were studied to 
comparatively study the effect of the C/Mo duplex coating on the interface of 
SiCf/Ti-21Al-29Nb composites. Additionally, the longitudinal tensile properties of the 
as-prepared composites were tested at room temperature.  
2. Experimental 
SiCf/C/Mo/Ti-21Al-29Nb and SiCf/C/Ti-21Al-29Nb composites were prepared 
by the FFF method with hot pressing parameters of 980 °C/90 MPa/120 min. Fig. 1 
shows a low magnification cross-sectional SEM image of the 
SiCf/C/Mo/Ti-21Al-29Nb composite with four plies in it. The matrix Ti-21Al-29Nb is 
provided in atomic percent. The thickness of the matrix foil used for the composites 
was about 200 µm. The SiC fiber used was made in China with a diameter of about 
100 µm and consisted of a W core (10-12 µm in diameter) coated with a 45 µm thick 
β-SiC layer [18]. The tensile strength of the SiC fiber was about 2000-3000 MPa. A 
carbon coating of about 2 µm in thickness was prepared on the surface of the SiC 
fiber by the chemical vapor deposition (CVD) method. After the C coating was 
prepared, a Mo coating (＞99.9 wt% in purity of the target) of about 1.3 µm in 
thickness was prepared on some fibers by magnetron sputtering method under the 
technological parameters of 875 W/0.63 Pa/40 min.  
 
 
 
 
 
 
 
Fig. 1. The cross-sectional SEM image of the as-prepared SiCf/C/Mo/Ti-21Al-29Nb 
composite. 
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In order to study the interfacial thermal stability of the composites, some parts of 
the SiCf/C/Mo/Ti-21Al-29Nb and SiCf/C/Ti-21Al-29Nb composites were thermally 
exposed in vacuum and the thermal exposure conditions were 800 °C/100 h, 
800 °C/200 h, 900 °C/100 h, 900 °C/200 h and 940 °C/50 h, respectively. The thermal 
exposures in vacuum were carried out by putting the composite samples into sealed 
stainless steel tubes after the air pressure in the tubes was pumped to 7.0×10-4 Pa.  
The microstructures and element distribution characteristics in the fiber/matrix 
interfacial zone of the composites were analyzed by a Zeiss SUPRA 55 field-emission 
scanning electron microscope (SEM) equipped with an Oxford INCA X-ray energy 
-dispersive spectrometer (EDS). 
Longitudinal tensile tests of the as-prepared composites were performed using an 
Instron-1195 tensile test machine at room temperature with a displacement rate of 1 
mm/min to investigate the effect of C/Mo duplex coating on the mechanical properties 
of the composites. The composites were cut into dog-bone-type plate tensile 
specimens by electric discharge machining. Fig. 2 shows the dimensions of the tensile 
samples, and their thickness was about 1.0 mm. For the longitudinal tensile strength, 
two sets of data for each of the composites types were collected and then their 
averages were recorded. 
 
 
 
 
 
 
 
Fig. 2. The dimensions of the tensile specimens. 
3. Results and discussion 
3.1 Interfacial microstructure of the as-prepared composites 
Fig. 3a and b present SEM images of the cross-sectional microstructure of the 
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as-prepared SiCf/C/Mo/Ti-21Al-29Nb and SiCf/C/Ti-21Al-29Nb composites, 
respectively at low magnification. A W core exists in the middle of the SiC fiber. The 
outer side of the SiC is surrounded by coatings and the Ti-21Al-29Nb matrix. The 
fiber and matrix were well bonded. However, the C/Mo duplex coating (see Fig. 3a) 
was not as uniform as the C coating (see Fig. 3b) in the circumferential direction. The 
main reason for this phenomenon is that the Mo coating, prepared by magnetic 
sputtering was brittle. 
 
 
 
 
 
 
 
 
 
Fig. 3. The SEM images of microstructures of the as-prepared SiCf/C/Mo/Ti2AlNb (a) 
and SiCf/C/Ti2AlNb (b) composites. 
 
 
 
 
 
 
 
 
Fig. 4. The SEM images of the as-prepared SiCf/C/Mo/Ti2AlNb (a) and SiCf/C/Ti2AlNb 
(b) composites showing their interfaces.  
Fig. 4a and b are SEM images of the SiCf/C/Mo/Ti-21Al-29Nb and 
SiCf/C/Ti-21Al-29Nb composites at higher magnifications, respectively. The reaction 
layer of SiCf/C/Mo/Ti-21Al-29Nb composite was thinner than that of 
SiCf/C/Ti-21Al-29Nb composite, so the C/Mo double coating can better retard the 
Reaction layer 
(a) 
Transition 
zone 
α2 
B2+O 
(b) 
Reaction layer 
α2 
B2 
(b) (a) 
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interfacial reaction between SiC fiber and matrix compared with C single coating. 
In addition, from Fig. 4a, a thick (about 5 µm) transition zone between the 
reaction layer and the matrix was observed, which does not exist in Fig. 4b. It is 
obvious that the reason for this difference is the influence of Mo layer. Our earlier 
work [19] reported the effect of the C/Mo duplex coating on the SiCf/Ti6Al4V 
composite, and the result showed that there exists a β-Ti layer between the coating 
and the matrix due to the diffusion of Mo atoms. Mo is a B2 phase stabilizer in 
Ti2AlNb-based alloys [20], so the transition zone should mainly contain the B2 phase. 
The B2 phase is a kind of plastic phase and can effectively reduce the interfacial 
thermal residual stress of the composites [13]. 
Additionally, there is also some other difference in the microstructure of the 
matrix near the fiber, see Fig. 4a and b. In Fig. 4a, a black equiaxial α2 phase and a 
grey lath O phase distributed in the B2 phase can be noted, while the O phase was not 
easily observed in Fig. 4b. This difference can be explained by two aspects. First, the 
Mo coating can hinder the diffusion of C atoms at a certain extent, because it is not 
conducive to the formation of the O phase when C atoms diffuse into the matrix [13]. 
Secondly, Mo atoms will contribute to the formation of the O phase when they diffuse 
into the matrix, as the Mo element is also an O phase stabilizer [21]. 
3.2 Element distribution characteristics of the as-prepared composites 
In order to study the effect of element distribution characteristics on the 
microstructure of the composites, EDS map analysis of each element was carried out 
in the interfacial zone of the as-prepared composites. The analyzed position and 
corresponding results of the SiCf/C/Mo/Ti-21Al-29Nb composite are shown in Figs. 5 
and 6, respectively. 
 
 
 
 
 
Fig. 5. The zone of EDS mapping analysis in the SiCf/C/Mo/Ti-21Al-29Nb composite. 
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Fig. 6. The EDS mapping results of each element corresponding to Fig. 5. 
According to Fig. 6, Ti element mainly enriches in the α2 phase and interfacial 
reaction layer. Ti atoms are very lively at high temperature, and can easily react with 
C and Si atoms diffused from the fiber and coating, which results in Ti enrichment in 
the reaction layer. The distribution of Al element in the matrix is uniform and it is 
blocked outside the reaction layer basically, so Al element is hard to diffuse from the 
matrix to fiber side; Nb is a B2 stablizer [13], so it can be seen that Nb element 
enriches in the B2 phase. Furthermore, Nb is more active and can diffuse into the 
reaction layer to form (Ti, Nb)C [22], but it is hindered by the Mo coating. As for Mo, 
it is seen that its signal intensity in the α2 phase and reaction layer is low, while its 
signal intensity is stronger in the B2+O phase. This result indicates that Mo diffuses 
more readily into the B2 phase than into the α2 phase . Mo has a tendency to diffuse 
into the matrix, but the signal intensity of Mo in the reaction layer is low. Thus it is 
clear that the interfacial reaction layer hinders the diffusion of Mo element into the 
matrix, which results in less Mo atoms in the matrix. Mo and Nb have similar crystal 
structure, so Mo atoms replace the lattice positions of Nb atoms to complete diffusion 
process [23]. However, as the bond strength of the intermetallic compound is strong 
[4], it is hard for Mo atoms to replace Nb atoms. This is also the main reason for Mo 
atoms to diffuse more easily in the Ti6Al4V matrix [15] than in Ti-21Al-29Nb matrix. 
C/Mo coating can hinder the diffusion of Si within the matrix. The C seems have a 
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small amount of diffusion in the matrix due to the protective effect of Mo coating.  
For the sake of studying the interfacial phases of the SiCf/C/Mo/Ti-21Al-29Nb 
composite, EDS line analysis of each element was carried out in the interfacial zone 
of the as-prepared composite as well. From the Fig. 7, it can be found that the 
elements in the reaction zone are mainly Ti, C and a small amount of Nb. So we can 
speculate that the reaction layer product should be mainly TiC.  
 
 
 
 
 
 
 
 
Fig. 7. The EDS line analysis location (a) and result (b) of the as-prepared 
SiCf/C/Mo/Ti2AlNb composites 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8. The EDS mapping of elements in the interfacial zone of the SiCf/C/Ti-21Al-29Nb 
composite. 
 
By contrast, EDS mapping in the interfacial zone of the as-prepared 
SiCf/C/Ti-21Al-29Nb composite was also carried out. The analyzed position and 
corresponding results are shown in Fig. 8. It can be seen that the results are similar to 
(a) (b) 
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the analysis of SiCf/C/Mo/Ti-21Al-29Nb composite. The Ti enriches the α2 phase and 
reaction layer. Compared with the SiCf/C/Mo/Ti-21Al-29Nb composites, some Ti 
atoms have diffused into the C coating due to the lack of the hindering effect of the 
Mo coating. Si has stronger signal intensity in the C coating, indicating the effect of 
the C coating for blocking Si is limited. The signal intensity of Si element can also be 
detected in the left of the reaction layer, so the product in the reaction layer of 
SiCf/C/Ti-21Al-29Nb composite must have some differences compared to that of 
SiCf/C/Mo/Ti-21Al-29Nb composite. The diffusion of C element is more severe due 
to the absence of the Mo coating as the diffusion barrier. 
In summary, some Mo atoms have diffused into the matrix of the composite, 
which caused the formation of O phase in the SiCf/C/Mo/Ti-21Al-29Nb composite. In 
addition, the product in the reaction layer of SiCf/C/Mo/Ti-21Al-29Nb composite 
should be mainly TiC. The diffusion of Ti and C elements is more severe in the  
SiCf/C/Ti-21Al-29Nb composite than in the SiCf/C/Mo/Ti-21Al-29Nb composite. The 
diffusion of C will result in an increase of the α2 phase volume fraction and a 
reduction of the O phase volume fraction. 
3.3 Tensile strength of the as-prepared composites 
In order to study the effect of C/Mo duplex coating on the mechanical property 
of SiCf/Ti-21Al-29Nb composites, longitudinal tensile tests of the as-prepared 
SiCf/C/Mo/Ti-21Al-29Nb composites was carried out at room temperature, and the 
SiCf/C/Ti-21Al-29Nb composites were also tested for comparison. The results are 
shown in Table 1. 
 
Table 1 Tensile strength of the as-prepared composites. 
Materials Fiber volume fraction Tensile strength (MPa) 
SiCf/C/Ti-21Al-29Nb 26.2% 1013±17 
SiCf/C/Mo/Ti-21Al-29Nb 26.0% 1137±43 
 
Table 1 shows that the tensile strength of the matrix has been improved markedly 
due to the introduction of SiC fiber, as the room-temperature tensile strength of 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 10
Ti-21Al-29Nb alloy is about 975 MPa [24]. Furthermore, the 
SiCf/C/Mo/Ti-21Al-29Nb composite has a higher tensile strength than the 
SiCf/C/Ti-21Al-29Nb composite, so the introduction of Mo coating is beneficial to the 
tensile strength of the SiCf/Ti-21Al-29Nb composites.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9. (a) and (b) are fractographs for different magnifications for the as-prepared 
SiCf/C/Ti-21Al-29Nb composites, (c) and (d) are thoese of the as-prepared 
SiCf/C/Mo/Ti-21Al-29Nb composites.  
 
Fig. 9a is fractograph of a SiCf/C/Ti-21Al-29Nb composite where fiber pull-out 
phenomenon was observed. The fiber arrangement is basically uniform. The 
SiCf/C/Ti-21Al-29Nb composites exhibited brittle fracture, as the Ti-21Al-29Nb 
intermetallic compound matrix itself was brittle. Fig. 9b shows a fractograph of the 
SiCf/C/Ti-21Al-29Nb composite around a fiber observed at a higher magnification. 
An obvious debond between the C coating and the reaction layer can be seen, 
indicating that the bonding between the C coatings and fiber is strong. In addition, the 
morphology of the matrix near the SiC fiber is typical brittle cleavage feature. There 
are a lot of small cleavage planes in the matrix near the SiC fiber, as some C atoms 
(a) (b) 
(c) (d) 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 11 
from C coating diffused into the matrix during the preparation process, which results 
in a lot of brittle equiaxed α2 phase generated in the matrix. On the outside, ductile 
fracture characteristics of the B2+O phase were observed, and many small dimple 
features in the B2 phase were noted. The ductile B2+O phase regions are conducive to 
relieve thermal residual stress and hinder the growth of cracks. SiCf/C/Ti-21Al-29Nb 
composite exhibited mixed characteristics of brittle cleavage fracture and a small 
amount of ductile fracture. 
By contrast, Fig. 9c is an overall fractograph of the SiCf/C/Mo/Ti-21Al-29Nb 
composite. It exhibited brittle fracture features as well. The fiber pull-out 
phenomenon was less obvious than that in Fig. 9a, as the C/Mo coating can enhance 
the interfacial bonding strength of the composites [25]. A fracture morphology of the 
matrix around a fiber is shown in Fig. 9d, from which we can observe some cleavage 
characteristics. There exists some shallow dimples in the matrix. The matrix around 
the SiC fiber in the SiCf/C/Mo/Ti-21Al-29Nb composite is mainly B2 phase. This 
phenomenon indicates that the plastic B2 phase can improve the mechanical 
properties of the matrix near fiber. It also explains why the tensile strength of 
SiCf/C/Mo/Ti-21Al-29Nb composite is higher than that of SiCf/C/Ti-21Al-29Nb 
composite. 
3.4 Vacuum thermal exposure of the composites 
In order to study the thermal stability of the C/Mo duplex coating in the 
interface, vacuum thermal exposures to the SiCf/C/Mo/Ti-21Al-29Nb and 
SiCf/C/Ti-21Al-29Nb composites were performed. Fig. 10 shows the SEM 
micrographs of the composites vacuum thermally exposed at 800  for 100 and 200 h, 
respectively. 
According to Fig. 10, the interface of the composites did not deteriorate 
significantly in comparison with that of the as-prepared composites, except for the 
thickening of the reaction layer. Compared Fig. 10a and c with Fig. 10b and d, one 
can see that the remaining C coating of the SiCf/C/Mo/Ti-21Al-29Nb composites is 
always thicker than that of the SiCf/C/Ti-21Al-29Nb composites. The Mo coating is 
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very stable. The results indicate that C/Mo duplex coating in the SiCf/Ti-21Al-29Nb 
composite can provide better thermal stability than C single coating at 800 .  
In addition, we can also see that the thickness of the reaction layer in the 
SiCf/C/Mo/Ti-21Al-29Nb composite is not thinner than that in the 
SiCf/C/Ti-21Al-29Nb composite when thermally exposed at 800  according to Fig. 
10. The phenomena indicate that the C/Mo duplex coating is not able to better hinder 
the interfacial reaction in comparison with the C single coating when thermally 
exposed at 800 . It is presumed that the interfacial reaction layer of the 
SiCf/C/Ti-21Al-29Nb composite can better hinder the diffusion of elements when it 
reaches a certain thickness than that of SiCf/C/Mo/Ti-21Al-29Nb composite. Maybe 
the reaction products of the two kinds of composites are different, which need further 
careful studies. 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
Fig. 10. Interfacial zone of the composites after thermally exposed at 800 ℃. (a) and (c) are 
the SiCf/C/Mo/Ti2AlNb composites after 100 and 200 h thermal exposure, respectively. (b) 
and (d) are the SiCf/C/Ti2AlNb composites after 100 and 200 h thermal exposure, 
respectively.  
 
(b) 
B2 
α2 
(c) (d) 
(a) 
α2 
B2 
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Fig. 11 shows the SEM micrographs of the SiCf/C/Mo/Ti-21Al-29Nb and 
SiCf/C/Ti-21Al-29Nb composites after thermal exposure at 900  for 100 and 200 h 
in vacuum, respectively. After exposure at 900 , the C/Mo duplex coating still 
exhibits better thermal stability than the C single coating in the composites. It can be 
easily seen from the remained thickness of C coating. In Fig. 11d, we can find there is 
a crack between the C coating and the reaction layer in the SiCf/C/Ti-21Al-29Nb 
composite. This phenomenon indicates that the SiCf/C/Ti-21Al-29Nb composite is 
likely to produce crack at the interface due to axial thermal residual stress.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 11. Interfacial zone of the composites after thermally exposed at 900 ℃. (a) and (c) 
are the SiCf/C/Mo/Ti2AlNb composites after 100 and 200 h thermal exposure, respectively. (b) 
and (d) are the SiCf/C/Ti2AlNb composites after 100 and 200 h thermal exposure, 
respectively. 
In addition, it can be seen that the morphology of the three constituent phases─
α2, B2 and O─ changed significantly compared with that of the as-prepared 
composites when exposed at 900 ℃. In the as-prepared composites, the fine lathlike O 
phase precipitated in the B2 phase. After exposure at 900 ℃, the fine lathlike O phase 
agglomerated, which changed the two-phase mixture to two separate blocky O and B2 
(c) 
α2 
B2 
O 
(a) 
α2 
O 
B2 
(b) 
α2 
O 
B2 
(d) 
B2 
α2 
Crack 
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phases. Her and co-authors [26] also indicated that the microstructure of orthorhombic 
titanium aluminide alloy can be modified through heat treatment. The volume fraction 
of α2 phase in the SiCf/C/Mo/Ti-21Al-29Nb composite has decreased. Compared Fig. 
11c with Fig. 11a, the volume fraction of the α2 phase decreased as exposure time 
increased. However, the α2 phase in the SiCf/C/Ti-21Al-29Nb composites have not 
decreased. The reason for that can be explained from two aspects: C atoms will 
diffuse fast when exposing at 900 . As C element is a α2 phase stablizer, its diffusion 
into the matrix would lead to the increase of α2 phase; But in the 
SiCf/C/Mo/Ti-21Al-29Nb composite, Mo coating can blinder the diffusion of C atoms 
at some extent. Secondly, some Mo atoms would diffuse into the matrix, which results 
in promoting the formation of B2+O phase.  
Fig. 12a and b show SEM micrographs of the SiCf/C/Mo/Ti-21Al-29Nb and 
SiCf/C/Ti-21Al-29Nb composites after vacuum thermal exposure at 940  for 50 h, 
respectively. Fig. 12b shows that the interface of SiCf/C/Ti-21Al-29Nb composite has 
been dissolved severely when exposed at 940 , which should be a result of 
interfacial thermal residual stress. However, the interface of the 
SiCf/C/Mo/Ti-21Al-29Nb composite is much better under the same condition, as 
C/Mo coating may decrease the interfacial thermal residual stress. Meanwhile, one 
can also see that the O phase in the matrix of the SiCf/C/Mo/Ti-21Al-29Nb composite 
has disappeared while the α2 phase has become more in comparison with Fig. 11a and 
c, which should be a result of the diffusion of C element when exposed at 940 . 
 
 
 
 
 
 
 
 
Fig. 12. Interfacial zone of the composites thermally exposed at 940 ℃/50 h. (a) 
SiCf/C/Mo/Ti2AlNb composites, (b) SiCf/C /Ti2AlNb composites. 
(b) (a) 
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4. Conclusions 
(1) The interfacial reaction layer of the as-prepared SiCf/C/Mo/Ti-21Al-29Nb 
composite was thinner than that of the SiCf/C/Ti-21Al-29Nb composite, and the 
remaining C coating in the former is thicker than that in the latter.  
(2) The addition of the Mo coating resulted in a B2-riched transition zone between 
the reaction layer and the matrix in the SiCf/Ti-21Al-29Nb composite. 
(3) The tensile strength of Ti-21Al-29Nb matrix was improved with the addition of 
SiC fibers, and the SiCf/C/Mo/Ti-21Al-29Nb composite exhibited a higher 
tensile strength than the SiCf/C/Ti-21Al-29Nb composite. Therefore C/Mo 
duplex coating can improve the tensile strength of the composites. 
(4) When the composites were thermally exposed at 800 and 900  in vacuum, the 
C/Mo duplex coating provided more protection than the C single coating. 
Acknowledgment 
Thanks are given to the financial supports of the National Natural Science 
Foundation of China (51201134, 51201135 and 51271147), the Natural Science 
Foundation of Shaanxi Province (2015JM5181), the Research Fund of the State Key 
Laboratory of Solidification Processing (NWPU), China (Grant No. 115-QP-2014) 
and the support of China Scholarship Council (CSC). 
References 
[1] C.M. Ward-Close, R. Minor, P.J. Doorbar, Intermetallic-matrix composites-a 
review. Intermetallics 4 (1996) 217-229. 
[2] A. Brunet, R. Valle, A. Vassel, Intermetallic TiAi-based matrix composites: 
investigation of the chemical and mechanical compatibility of a protective 
coating adapted to an alumina fiber, Acta. Mater. 48 (2000) 4763–4774. 
[3] P.R. Smith, J.R. Graves, C.G. Rhodes, Comparison of orthorhombic and 
alpha-two titanium aluminides as matrices for continuous SiC-reinforced 
composites, Metall. Mater. Trans. A 25 (1994) 1267-1283. 
[4] Y.Q. Yang, Y. Zhu, Z.J. Ma, Y. Chen, Formation of interfacial reaction products in 
SCS-6 SiC/Ti2AlNb composites, Scripta Mater. 51 (2004) 385–389. 
[5] S. Krishnamurthy, P.R. Smith, D.B. Miracle, Modification of transverse creep 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 16
behavior of an orthorhombic titanium aluminide based Ti–22Al–23Nb/SiCf 
composite using heat treatment, Mater. Sci. Eng. A 243 (1998) 285–289. 
[6] P. Mogilevsky, A. Werner, H. J. Dudek, Application of diffusion barriers in 
composite materials, Mater. Sci. Eng. A 242 (1998) 235–247. 
[7] B. Huang, Y.Q. Yang, H.J. Luo, M.N. Yuan, Effects of the coating system and 
interfacial region thickness on the thermal residual stresses in SiCf/Ti–6Al–4V 
composites, Mater. Design 30 (2009) 718–722. 
[8] Y.C. Her, J.M. Yang, P.C. Wang, Effect of fiber coating on the fatigue crack 
initiation and multiplication of unnotched SCS-6/Ti3Al composites, Mater. Sci. 
Eng. A 259 (1999) 201–208. 
[9] S. Guo, Y. Kagawa, Fatigue behaviour of duplex metal coated SiC fibre 
reinforced Ti-15-3 matrix composites, Mater. Sci. Technol. 17 (2001) 1107-1113. 
[10] W. Zhang, Y.Q. Yang, G.M. Zhao, Z.Q. Feng, B. Huang, X. Luo, M.H. Li, Y.X. 
Chen, Interfacial reaction studies of B4C-coated and C-coated SiC fiber 
reinforced Ti-43Al-9V composites, Intermetallics 50 (2014) 14-19. 
[11] X. Luo, Y.Q. Yang, Q. Sun, Y.J. Yu, B. Huang, Y. Chen, Effect of Cu/Mo duplex 
coating on the interface and property of SiCf/Ti6Al4V Composite, Mater. Sci. 
Eng. A 535 (2012) 6–11. 
[12] X. Luo, Y.Q. Yang, Y.J. Yu, X.R. Wang, B. Huang, Y. Chen, Effect of Mo 
coating on the interface and mechanical properties of SiC fiber reinforced 
Ti6Al4V composites, Mater. Sci. Eng. A 550 (2012) 286–292. 
[13] C. J. Boehlert, B. S. Majumdar, S. Krishnamurthy, D.B. Miracle, Role of matrix 
microstructure on room-temperature tensile properties and fiber-strength 
utilization of an orthorhombic Ti-alloy-based composite, Metall. Mater. Trans. A 
28 (1994) 309-323. 
[14] Y.Q. Yang, H.J. Dudek, J. Kumpfert, Microstructure of interfacial region of 
SCS-6 SiC/TiB2/Ti2AlNb Composite, Scripta Mater. 44 (2001) 2531–2536. 
[15] X.R. Wang, Y.Q. Yang, X. Luo, W. Zhang, N. Jin, Z.Y. Xiao, G.H. Feng, Effect 
of C/Mo duplex coating on the interface and mechanical properties of 
SiCf/Ti6Al4V composites, Mater. Sci. Eng. A 566 (2013) 47–53. 
[16] X. Luo, C. Li, Y.Q. Yang, H.M. Xu, X.Y. Li, S. Liu, P.T. Li, Microstructure and 
interface thermal stability of C/Mo double-coated SiC fiber reinforced γ-TiAl 
matrix composites, Trans. Nonferrous Met. Soc. China 26 (2016) 1317−1325. 
[17] C.J. Cowen, C.J. Boehlert, Microstructure, creep, and tensile behavior of a 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
 17
Ti–21Al–29Nb (at.%) orthorhombic+B2 alloy, Intermetallics 14 (2006) 412-422. 
[18] R.J. Zhang, Y.Q. Yang, W.T. Shen, C. Wang, X. Luo, Microstructure of SiC fiber 
fabricated by two-stage chemical vapor deposition on tungsten filament, J. Cryst. 
Growth 313 (2010) 56-61.  
[19] X. Luo, X. Ji, Y.Q. Yang, W. Zhang, S. Liu, Z.Y. Xiao, Microstructure evolution 
of C/Mo double-coated SiC fiber reinforced Ti6Al4V composites, Mater. Sci. Eng. 
A 597 (2014) 95–101. 
[20] J. P. Quast, C. J. Boehlert, The out-of-phase thermomechanical fatigue behavior 
of Ultra SCS-6/Ti–24Al–17Nb–xMo (at.%) metal matrix composites, Int. J. 
Fatigue 32 (2010) 610–620. 
[21] J.P. Quast, C.J. Boehlert, The Effect of Molybdenum on the Microstructure and 
Creep Behavior of Ti–24Al–17Nb–xMo Alloys and Ti–24Al–17Nb–xMo SiC 
Fiber Composites, J. Mater. Sci. 43 (2008) 4411-4422. 
[22] Y.Q. Yang, H.J. Dudek, Interface stability in SCS-6 SiC/Super α2 composites, 
Scripta Mater. 37 (1997) 503-510. 
[23] Y. Mao, M. Hagiwara, S. Emura, Creep behavior and tensile properties of Mo- 
and Fe-added orthorhombic Ti–22Al–11Nb–2Mo–1Fe alloy, Scripta Mater. 57 
(2007) 261–264. 
[24] C. J. Boehlert, C. J. Cowen, C. R. Jaeger, Tensile and fatigue evaluation of 
Ti–15Al–33Nb (at.%) and Ti–21Al–29Nb (at.%) alloys for biomedical 
applications, Mater. Sci. Eng. C 25 (2005) 263–275. 
[25] H. P. Chiu, J. M. Yang, Effect of fiber coating on the fracture and fatigue 
resistance of SCS-6/Ti3A1 Composites, Acta. Metall. Mater. 43 (1995) 
2581–2587. 
[26] Y. C. Her, P. C. Wang, J. M. Yang, Interface-controlled fatigue cracking of 
SCS-6/Ti-22Al-23Nb “orthorhombic” titanium aluminide composite, Mater. Sci. 
Eng. A 29 (1998) 2737–2746. 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
Highlights 
 Interfacial reaction of SiCf/Ti-21Al-29Nb composite was retarded by the C/Mo 
duplex coating. 
 A plastic B2 layer is formed in the matrix close to the interface due to the 
diffusion of Mo element. 
 Tensile strength of the SiCf/Ti-21Al-29Nb composite is improved by C/Mo 
duplex coating. 
 C/Mo duplex coating has excellent interfacial thermal stability and can relax 
thermal residual stresses. 
 
